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Àííîòàöèÿ
Äëÿ èíòåðïðåòàöèè èçè÷åñêèõ ýêñïåðèìåíòîâ ïîëó÷åíû àíàëèòè÷åñêèå âûðàæåíèÿ,
ïîçâîëÿþùèå ïðîâåñòè îöåíêó ñå÷åíèÿ èëè ìîùíîñòè ëóîðåñöåíöèè ìèêðî÷àñòèö ïðè
îñâåùåíèè èõ ëàçåðíûìè èìïóëüñàìè, ïîäòâåðæäåí ýåêò ñóïåðëóîðåñöåíöèè è óñòà-
íîâëåí ïîðîã ãåíåðàöèè ýòîãî ýåêòà â ñåðè÷åñêîì ìèêðîðåçîíàòîðå ñ ó÷åòîì åãî
ìîðîëîãèè ïðè ðàçíîé äëèòåëüíîñòè ëàçåðíîãî èìïóëüñà. Óñòàíîâëåíî, ÷òî ðàçâèòèå
ñóïåðëóîðåñöåíöèè â ìîäå âîçìîæíî ëèøü ïðè äîñòàòî÷íî âûñîêîé êîíöåíòðàöèè îðãà-
íè÷åñêèõ ìîëåêóë, îáåñïå÷èâàþùåé íåîáõîäèìóþ âåëè÷èíó ïðèòîêà ýíåðãèè â ìîäó â ðå-
çóëüòàòå ñóïåðëóîðåñöåíöèè.
Êëþ÷åâûå ñëîâà: ëóîðåñöåíöèÿ, óëüòðàêîðîòêèå èìïóëüñû, îðãàíè÷åñêèå ìîëå-
êóëû.
Ââåäåíèå
Â íàñòîÿùåå âðåìÿ âñå áîëüøèé èíòåðåñ ïðåäñòàâëÿþò èññëåäîâàíèÿ, íàïðàâ-
ëåííûå íà ñîçäàíèå íîâûõ èçè÷åñêèõ ìåòîäîâ äèàãíîñòèêè àýðîçîëüíûõ ñðåä.
Äëÿ óëó÷øåíèÿ ñóùåñòâóþùèõ äèàãíîñòè÷åñêèõ âîçìîæíîñòåé ëóîðåñöåíòíûõ
ìåòîäèê âàæíà òåîðåòè÷åñêàÿ ïðîðàáîòêà âîïðîñîâ, ñâÿçàííûõ ñ óñòàíîâëåíèåì ñî-
îòíîøåíèÿ õàðàêòåðèñòèê íàáëþäàåìîãî îáðàòíîãî ñèãíàëà è èçèêî-õèìè÷åñêèõ
ïàðàìåòðîâ àýðîçîëüíûõ ÷àñòèö.
Äëÿ çàäà÷ çîíäèðîâàíèÿ îêðóæàþùåé ñðåäû íåîáõîäèìî èìåòü ìåòîäû, ïîçâî-
ëÿþùèå îäíîçíà÷íî îïðåäåëèòü íàëè÷èå âåùåñòâà â àòìîñåðå êàê ñ öåëüþ èíäè-
êàöèè ýòèõ âåùåñòâ, òàê è äëÿ òîãî, ÷òîáû âîññòàíîâèòü èõ êîëè÷åñòâåííîå ñîäåð-
æàíèå. Êîíå÷íîé öåëüþ ïðîâîäèìûõ èññëåäîâàíèé â äàííîì íàïðàâëåíèè ÿâëÿåòñÿ
ðàññìîòðåíèå èçè÷åñêèõ îñíîâ òàêèõ ìåòîäîâ, òî åñòü âûÿâëåíèå òåõ ïðèçíàêîâ
â ëèäàðíîì ñèãíàëå, ïî êîòîðûì ìîæíî ñäåëàòü êîëè÷åñòâåííóþ îöåíêó ñîäåðæà-
íèÿ äàííîãî âåùåñòâà, è ïîñòðîåíèå ïðîãíîñòè÷åñêîé ìîäåëè äëÿ îðìèðîâàíèÿ
ñèãíàëà â àòìîñåðå äëÿ çàäà÷ çîíäèðîâàíèÿ è äèàãíîñòèêè àýðîçîëÿ. Ïðèìåíå-
íèå åìòîñåêóíäíîãî èçëó÷åíèÿ ïîçâîëÿåò èñïîëüçîâàòü äëÿ ýòèõ öåëåé àðñåíàë
íåëèíåéíî-îïòè÷åñêèõ ýåêòîâ, â ÷àñòíîñòè ýåêò äâóõîòîííîãî ïîãëîùåíèÿ
ñâåòà.
Â ýêñïåðèìåíòàëüíûõ èññëåäîâàíèÿõ [1℄ çàèêñèðîâàíî ÿâëåíèå ñóïåðëóî-
ðåñöåíöèè èç êàïëè ýòàíîëà ñ ïîìåùåííûìè â íåå ìîëåêóëàìè êðàñèòåëÿ ðîäà-
ìèíà 6Æ ïðè îáëó÷åíèè åìòîñåêóíäíûì ëàçåðíûì èçëó÷åíèåì. Ïðè êîíöåíòðà-
öèè 10−2 ìîëü/ë ñïåêòðàëüíàÿ êàðòèíà ñâå÷åíèÿ êàïëè ñèëüíî èçìåíÿëàñü ïðè
âîçðàñòàíèè ýíåðãèè îáëó÷àþùèõ ëàçåðíûõ èìïóëüñîâ, à èìåííî: ïðè íàêà÷êàõ
ñâûøå 0.5 ìÄæ ñïåêòð ïðèîáðåòàë ÷åòêî âûðàæåííóþ äâóãîðáóþ ñòðóêòóðó ñ
ìàêñèìóìàìè â êîðîòêîâîëíîâîé è äëèííîâîëíîâîé îáëàñòÿõ ÷àñòîò êîíòóðà ëó-
îðåñöåíöèè. Äëèííîâîëíîâûé ìàêñèìóì ñíà÷àëà ïðåâàëèðîâàë íàä êîðîòêîâîëíî-
âûì, íî ïðè ïîâûøåíèè ýíåðãèè íàêà÷êè èñ÷åçàë, à â ñïåêòðå èçëó÷åíèÿ êàïëè
îñòàâàëñÿ òîëüêî êîðîòêîâîëíîâûé ïèê.
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Äëÿ èíòåðïðåòàöèè èçè÷åñêèõ ýêñïåðèìåíòîâ ìû ðåøèëè ñëåäóþùèå çàäà÷è:
ïîëó÷èëè àíàëèòè÷åñêèå âûðàæåíèÿ, ïîçâîëÿþùèå ïðîâåñòè îöåíêó ñå÷åíèÿ èëè
ìîùíîñòè ëóîðåñöåíöèè ìèêðî÷àñòèö ïðè îñâåùåíèè èõ ëàçåðíûìè èìïóëüñàìè,
íàøëè ïîðîã ãåíåðàöèè ýåêòà ñóïåðëóîðåñöåíöèè â ñåðè÷åñêîì ìèêðîðåçî-
íàòîðå ñ ó÷åòîì åãî ìîðîëîãèè ïðè ðàçíîé äëèòåëüíîñòè ëàçåðíîãî èìïóëüñà.
1. Îñíîâíûå ñîîòíîøåíèÿ
àññìîòðèì çàäà÷ó îá èçëó÷åíèè äâóõîòîííî âîçáóæäåííûõ îðãàíè÷åñêèõ ìî-
ëåêóë, ïîìåùåííûõ â ñåðè÷åñêèé ìèêðîðåçîíàòîð. åøåíèå ýòîé çàäà÷è áóäåì
ïðîâîäèòü, èñõîäÿ èç ïðåäñòàâëåíèé î ñòîõàñòè÷åñêîé ïðèðîäå ñïîíòàííîãî èçëó-
÷åíèÿ îðãàíè÷åñêèõ ìîëåêóë â ìèêðîðåçîíàòîðå. Ââåäåì â ðàññìîòðåíèå óñðåäíåí-
íóþ ïî ðåàëèçàöèÿì ñëó÷àéíûõ àêòîâ èçëó÷åíèÿ ìîëåêóë ñïåêòðàëüíóþ ïëîòíîñòü
èíòåíñèâíîñòè ñâåòîâîãî ïîëÿ [2℄:
I(r, t, ω) =
∑
k,m
Jkm(t, ω)Ek(r)E
∗
m(r), (1)
ãäå ñïåêòðàëüíàÿ ïëîòíîñòü Jkm âû÷èñëÿåòñÿ ïî îðìóëå
Jkm(t, ω) =
c
√
εa
8pi
∞∫
−∞
〈[
A˜k(t)A˜
∗
m(t− τ)
]〉
eiωτ dτ (2)
äëÿ ñëó÷àéíûõ êîýèöèåíòîâ A˜k(t) [3℄, êîòîðûå âîçíèêàþò ïðè ðàçëîæåíèè
íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ E˜(r, t) ïî ïîëíîìó îðòîãîíàëüíîìó áàçèñó
óíêöèé Ek(r) :
E˜(r, t) =
∑
k
A˜k(t)Ek(r).
Äàëüíåéøóþ òåîðåòè÷åñêóþ ìîäåëü ìû áóäåì ñòðîèòü, îïèðàÿñü íà ýêñïåðè-
ìåíòàëüíûå ðåçóëüòàòû ðàáîòû [1℄. Íàëè÷èå äâóãîðáîãî ñïåêòðàëüíîãî ïðîèëÿ
èíòåíñèâíîñòè èçëó÷åíèÿ, íàáëþäàåìîãî â [1℄, äàåò îñíîâàíèå ïðåäñòàâèòü ñïåê-
òðàëüíóþ ïëîòíîñòü Jkm â ñëåäóþùåé îðìå:
Jkm(t, ω) = J
(sp)
km (t, ω) + J
(st)
km (t, ω), (3)
ãäå èíäåêñ ¾sp¿ îòíîñèòñÿ ê äëèííîâîëíîâîé ÷àñòè ñïåêòðà, à èíäåêñ ¾st¿  ê êî-
ðîòêîâîëíîâîé. Íàëè÷èå èñòî÷íèêîâ èçëó÷åíèÿ â ñîîòâåòñòâóþùèõ ÷àñòÿõ ñïåêòðà
ìû ïðåäëàãàåì îáúÿñíÿòü ñëåäóþùèì îáðàçîì.
Äëèííîâîëíîâîå êðûëî ñïåêòðà îáóñëîâëåíî èñêëþ÷èòåëüíî ñïîíòàííûì èçëó-
÷åíèåì  ëóîðåñöåíöèåé ìîëåêóë. Äàííàÿ îáëàñòü ñïåêòðà íå èìååò ïåðåêðûòèÿ
ñî ñïåêòðîì ïîãëîùåíèÿ ìîëåêóë ëóîðîîðà. Ïåðâè÷íûì èçëó÷åíèåì â êîðîò-
êîâîëíîâîé ÷àñòè ñïåêòðà òàêæå ÿâëÿåòñÿ ëóîðåñöåíöèÿ. Îäíàêî â ýòîé ÷àñòè
ñïåêòðà åñòü îáëàñòü ïåðåêðûòèÿ ñî ñïåêòðîì ïîãëîùåíèÿ ëóîðîîðà. Åñëè îð-
ãàíè÷åñêèå ìîëåêóëû ñëàáî âîçáóæäåíû, òî ýòî ïðèâîäèò ê ÿâëåíèþ ñàìîïîãëî-
ùåíèÿ [4℄. Ïðè äîñòàòî÷íîé âåëè÷èíå èíòåíñèâíîñòè ïàäàþùåãî èçëó÷åíèÿ IL
ðåàëèçóåòñÿ âûñîêàÿ çàñåëåííîñòü âûñøèõ ýíåðãåòè÷åñêèõ óðîâíåé ìîëåêóë; ýòî
ïðèâîäèò ê òîìó, ÷òî â îáëàñòè ïåðåêðûòèÿ ñïåêòðà ïîãëîùåíèÿ ëóîðîîðà ñî
ñïåêòðîì ñòîêñîâà èçëó÷åíèÿ âîçíèêàåò âûíóæäåííîå èçëó÷åíèå èç âîçáóæäåí-
íûõ ìîëåêóë ëóîðîîðà. Â ðåçóëüòàòå èíäóöèðîâàííîå èçëó÷åíèå áóäåò èìåòü
ìàêñèìóì íà íåêîòîðîé ÷àñòîòå ω
st
, ñîîòâåòñòâóþùåé îáëàñòè ïåðåêðûòèÿ ñïåê-
òðîâ ñïîíòàííîãî èçëó÷åíèÿ è ïîãëîùåíèÿ. Ýòèì àêòîì îáúÿñíÿåòñÿ íàáëþäàå-
ìàÿ â ýêñïåðèìåíòå äâóãîðáàÿ ñòðóêòóðà ñïåêòðà.
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Ñëåäóÿ ìåòîäèêå, ïðåäëîæåííîé â [2℄, èíòåðåñóþùèå íàñ ñïåêòðàëüíûå ïëîòíî-
ñòè, âõîäÿùèå â (2), çàïèøåì ñëåäóþùèì îáðàçîì:
J
(sp)
km (t, ω) ≈ Γ
èçë
32 χsp I
(sp)
d ·
Λ
sp
(ω)Λm(ω)ω
2
sp
ωm
×
×
t∫
0
∫
Va
e−2Γkm(t−t
′)CEkE
∗
mn3(t
′, r) dr dt′, (4)
J
(st)
km (t, ω) ≈ I
(st)
d ·
Λ
st
(ω)Λm(ω)ω
2
st
ωm
t∫
0
e−2Γkm(t−t
′) ×
×
∫
Va
CEkE
∗
m
χ
st
Γèçë31 n3 +
n3 − n0
~ωst
∞∫
−∞
σ0(ω)I
(st)(ω, t′, r)
 dr dt′, (5)
Γkm = Γk + Γm − i {ωk − ωm} .
Çäåñü Γk,m  êîýèöèåíòû ðåëàêñàöèè (k, m)-é ìîäû ðåçîíàòîðà, Λst(ω) =
= J (st)(t, ω)
/ ∞∫
−∞
J (st)(t, ω)  ñïåêòðàëüíàÿ îðìà êîíòóðà èçëó÷åíèÿ îðãàíè÷åñêèõ
ìîëåêóë íà ñòîêñîâîé ÷àñòîòå ω
st
, Λm(ω) =
1
pi
Γm
(ωm − ω)2 + Γ2m
 íîðìèðîâàííàÿ
óíêöèÿ Ëîðåíöà ìîäû ñ íîìåðîì m .
2. åçóëüòàòû ðàñ÷åòîâ
Äëÿ òîãî ÷òîáû îöåíèòü ïîðîã ãåíåðàöèè ñóïåðëóîðåñöåíöèè, ïðåäñòàâèì ñî-
îòíîøåíèå (5) â ñëåäóþùåé ýêâèâàëåíòíîé îðìå:
J
(st)
kk (t) =
∞∫
−∞
J
(st)
kk (t, ω) dω = I
(st)
k (t) exp
(
− 2Γkt+
t∫
0
{
Dtk(t
′)−D0k(t′)
}
dt′
)
, (6)
ãäå
I
(st)
k (t) = Jk(0) exp
I(st)d χst Γèçë31 σ(st)k
t∫
0
∫
Va
|Ek(r)|2 · Cn3(t′, r)/Jkk(t′) dr dt′
 ,
D
(0)
k =
I
(st)
d σ
(st)
k
~ω
st
t∫
0
∫
Va
|Ek(r)|2
{ ∞∫
−∞
n0(t
′, r)σ0I
(st)(t′, r) dω
}/
Jkk(t
′) dr dt′,
D
(t)
k =
I
(st)
d σ
(st)
k
~ω
st
t∫
0
∫
Va
|Ek(r)|2
{ ∞∫
−∞
n3(t
′, r)σ0I
(st)(t′, r) dω
}/
Jkk(t
′) dr dt′,
σ
(st)
k =
∞∫
−∞
Λ
st
(ω)Λk(ω) ω̂
2
st
ωk
dω.
(7)
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Ïàðàìåòðû D
(t)
k è D
(0)
k îïðåäåëÿþò ñêîðîñòü ïðèòîêà ýíåðãèè â ìîäó ñ íîìåðîì k
çà ñ÷åò âûíóæäåííûõ ïðîöåññîâ èçëó÷åíèÿ, èíäóöèðîâàííûõ ñòîêñîâûì èçëó÷å-
íèåì, è ñêîðîñòü îòòîêà ýíåðãèè èç ìîäû çà ñ÷åò ýåêòîâ ñàìîïîãëîùåíèÿ, ñîîò-
âåòñòâåííî. Ïàðàìåòð σ
(st)
k åñòü èíòåãðàë ïåðåêðûòèÿ ñïåêòðàëüíîé îðìû ìîäû k
ñ êîíòóðîì èçëó÷åíèÿ êðûëà ëóîðåñöåíöèè.
Íà îñíîâå ñîîòíîøåíèÿ (6) åñòåñòâåííî îïðåäåëèòü êðèòåðèé ðàçâèòèÿ ñóïåð-
ëóîðåñöåíöèè â ìîäå ñ íîìåðîì k êàê âûïîëíåíèå ñëåäóþùåãî óñëîâèÿ ïîñëå
îêîí÷àíèÿ àçîâîé ðåëàêñàöèè:
D
(t)
k (r, T2) ≥ 2Γk +D(0)k (r, T2), T2 = 1/Γðåë43 . (8)
Òîãäà â ñîîòâåòñòâèè ñ (7), (8) ñîîòíîøåíèÿ äëÿ ïîðîãà ñóïåðëóîðåñöåíöèè â ìîäå
ñ íîìåðîì k ïðèìóò ñëåäóþùèé âèä:
I
(st)
d σ
(st)
k
hωsp
∫
Va
C
[
χp
χ
− χp + χ
χ
· exp
(
−σ
(2)B(2)I2Ltp
(hωL)2
)]
×
×
t∫
0
∞∫
−∞
σ0
∑
l,m
Jkm(t
′, ω) |Ek|2El E∗m/J (st)kk (t′) dω dr dt′ ≥ 2Γk.
Îòêóäà â ðàìêàõ ïðåäëîæåííîé àïïðîêñèìàöèè óæå íåñëîæíî ïðîâåñòè îöåíêó äëÿ
ïîðîãà ñóïåðëóîðåñöåíöèè IThL îðãàíè÷åñêèõ ìîëåêóë, ëîêàëèçîâàííûõ â ìîäå
Ef (r) :
IThL ≈ IthL · f(ηf ).
Çäåñü ââåäåíû ñëåäóþùèå âåëè÷èíû:
f(ηf ) =
√
ln
(
1 +
1 + ηf
χp/χ− ηf
)
,
IthL =
~ωL√
σ(2)B
(2)
f tp
, ηf =
2Γf~ωst
CVf I
(st)
d · σ′f
, σ′f =
∞∫
−∞
Λf (ω)σ0(ω) dω,
ãäå IthL  âåëè÷èíà èíòåíñèâíîñòè, ïðè êîòîðîé íàñåëåííîñòü îñíîâíîãî óðîâíÿ
ìîëåêóë, ëîêàëèçîâàííûõ â îêóñå, óìåíüøàåòñÿ â e ðàç; ïàðàìåòð ηf îïðåäå-
ëÿåò, âî ñêîëüêî ðàç ñêîðîñòü âûõîäà ýíåðãèè èç îêóñà çà ñ÷åò ïðîöåññà åãî èç-
ëó÷àòåëüíîé ðåëàêñàöèè áîëüøå, ÷åì ñêîðîñòü ïðèõîäà ýíåðãèè â îêóñ êàïëè çà
ñ÷åò ïðîöåññà ñóïåðëóîðåñöåíöèè ìîëåêóë âû êîëè÷åñòâå CVf ; σ
′
f  èíòåãðàë
ïåðåêðûòèÿ ñïåêòðàëüíîãî êîíòóðà ñïîíòàííîãî èçëó÷åíèÿ îðãàíè÷åñêèõ ìîëåêóë
ñ ñå÷åíèåì ïîãëîùåíèÿ σ0 . Íàéäåííîå â ðåçóëüòàòå ÷èñëåííîãî ýêñïåðèìåíòà ïî-
ðîãîâîå çíà÷åíèå IthL = (1 ÷ 6) · 1010 Âò/ñì2 õîðîøî ñîãëàñóåòñÿ ñ ðåçóëüòàòàìè
ýêñïåðèìåíòà [1℄, ãäå âåëè÷èíà ïîðîãà ñóïåðëóîðåñöåíöèè ïðèíèìàëà ñëåäóþùèå
çíà÷åíèÿ: IthL = (2÷ 8) · 1010 Âò/ñì2 .
Çàêëþ÷åíèå
Îñíîâíûå ðåçóëüòàòû ðàáîòû ìîæíî ñîðìóëèðîâàòü ñëåäóþùèì îáðàçîì:
Ïîëó÷åíà çàìêíóòàÿ ñèñòåìà óðàâíåíèé äëÿ ñïåêòðàëüíîé ïëîòíîñòè ìîä ñâå-
òîâîãî ïîëÿ îðãàíè÷åñêèõ ìîëåêóë, ïîìåùåííûõ â ñåðè÷åñêèé ðåçîíàòîð, ïðè èõ
äâóõîòîííîì âîçáóæäåíèè åìòîñåêóíäíûì ëàçåðíûì èìïóëüñîì.
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Ñïåêòðû ýìèññèè èç êàïëè îïðåäåëÿþòñÿ ýåêòàìè ïåðåêðûòèÿ ñïåêòðîâ.
Êðûëî â ñèíåé ÷àñòè ñïåêòðà ñâÿçàíî ñ ïåðåêðûòèåì ñïåêòðà ïîãëîùåíèÿ îð-
ãàíè÷åñêèõ ìîëåêóë ñî ñïåêòðîì èçëó÷åíèÿ, îäíàêî ïîñëå ¾ïðîÿâëåíèÿ¿ êðûëà
íåîáõîäèìà âûñîêàÿ èíòåíñèâíîñòü ëàçåðíîãî èçëó÷åíèÿ, êîòîðàÿ äîñòèãàåòñÿ â
îêóñå êàïëè ïðè åå îáëó÷åíèè åìòîñåêóíäíûì ëàçåðíûì èìïóëüñîì.
Óñòàíîâëåíî, ÷òî ðàçâèòèå ñóïåðëóîðåñöåíöèè â ìîäå âîçìîæíî ëèøü ïðè äî-
ñòàòî÷íî âûñîêîé êîíöåíòðàöèè îðãàíè÷åñêèõ ìîëåêóë, îáåñïå÷èâàþùåé íåîáõîäè-
ìóþ âåëè÷èíó ïðèòîêà ýíåðãèè â ìîäó äëÿ òîãî, ÷òîáû óðàâíîâåñèòü îòòîê ýíåðãèè
èç ìîäû çà ñ÷åò åå èçëó÷àòåëüíîé ðåëàêñàöèè.
àáîòà âûïîëíåíà ïðè èíàíñîâîé ïîääåðæêå ïðîãðàììû 8.1 ÎÔÍ ÀÍ.
Summary
E.E. Bykova, A.D. Bulygin. Fluoresene of Organi Moleules in Miroavity Irradiated
by an Ultrashort Laser Pulse.
Analytial expressions allowing to estimate the ross setion or power of miropartile
uoresene under laser pulse irradiation were obtained to interpret physial experiments. The
superuoresene eet was onrmed and the generation threshold for this eet in a spherial
miroavity was determined with aount of its morphology and laser pulse duration. It was
established that the evolution of superuoresene in a mode is possible only at a suiently
high onentration of organi moleules, whih provides the required value of energy inux
into the mode as a result of superuoresene.
Key words: uoresene, ultrasort pulses, organi moleules.
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